F ormation of the vascular system is a landmark event during development. Normal development and function of virtually all organs rely on the feeding and gas exchanges mediated by the vascular system. Although the establishment of the vascular system requires a complex developmental process involving multiple cell types, the initial formation of the rudimentary vascular network is primarily accomplished by a single cell type, endothelial cells.
Endothelial cells originate from an embryonic mesoderm during the initial phase of the vascular development. 1 However, very little is known regarding the control mechanisms underlying the specification of endothelial cells. The overview of the endothelial cell specification during development is shown in the Figure. A subset of mesodermal cells differentiates to a bipotential stem cell called a hemangioblast, which differentiates to either hematopoietic or endothelial cell lineages. Endothelial cells then assemble together to form a rudimentary vascular network, referred to as the primary capillary plexus. 1 The primary capillary plexus is characterized by its uniform and relatively simple network pattern consisting of a honeycomb-like vessel branching pattern. However, it has recently become evident that the primary capillary plexus is made of at least two distinct types of endothelial cells: arterial and venous endothelial cells. 2, 3 An arterial endothelial cell type is characterized by its specific expression of ephrin-B2 and a venous type expresses specifically EphB4. 2, 3 Although we know the presence of these two types of endothelial cells at this initial stage of the vessel formation, an origin of the arterial and venous endothelial types remains unknown. It is possible that there are already two types of progenitor cells that are committed to either arterial or venous types as hemangioblasts differentiate to endothelial lineages (dotted arrow line in the Figure) . Alternatively, they originate from differentiated endothelial cells (solid arrow line in the Figure) . In the latter scenario, it would be interesting to consider the possibility that all of the initial population of the differentiated endothelial cells may represent only one type, such as venous type, from which the other type (in this case, arterial) is derived. In such a case, the venous type could be generated as a consequence of a default pathway of endothelial lineage differentiation, and the generation of arterial type could require inductive signals.
The problem of cell type differentiation has been a classic subject and extensively studied in other fields of biology such as immunology and neurobiology. 4 In these fields, varieties of cell types are defined by their combinatorial expression of the specific markers. Identification and the systematic classification of such specific markers have led to significant advances in our understanding of the molecular mechanisms underlying the origin of cell type heterogeneity in immune and neural systems. However, the origin of endothelial cells and the generation of the diverse endothelial types have been the subject of molecular studies during only the last few years. One of the bottlenecks in this area has been the lack of systematic dissection of the expression patterns of specific markers in the various endothelial cell populations. Classification of endothelial cell types based on specific expression of such markers could be expected to lead directly to analysis of mechanisms underlying their origin and subtype differentiation.
The study of Dube et al 5 in this issue of Circulation Research is an example of this type of investigative approach. The authors are trying to assess whether the problem of endothelial origin can be determined by transcriptional regulation. Tie2/Tek is one of the markers expressed primarily in endothelial lineages. 6 -9 It is undetectable in this hemangioblast population, but it is expressed in further differentiated endothelial cells. Therefore, authors have studied the transcriptional regulation of the Tie2 gene in an effort to understand transcriptional mechanisms underlying the specification of endothelial cells. Previously, cis-acting elements in both promoter and enhancer regions of the Tie2 gene that are critical for its endothelial-specific expression were defined. 10,11 ELF-1 was identified as one of the Ets transcription factors that shows expression in endothelial cells. Furthermore, ELF-1 binds to one of the cis-acting sequences in the Tie2 promoter that is essential for its endothelial-specific expression. It was also shown that the endothelial nuclear extract contains ELF-1 that binds to the same cis-acting sequences in vitro. In addition, ELF-1 can transactivate the reporter expression mediated via the Tie2 promoter in cultured cells. Interestingly, ELF-1 can also transactivate the endothelial-specific promoter derived from another endothelial-specific gene, Tie1. On the basis of this evidence, Dube et al 5 suggest that ELF-1 controls the expression of endothelial-specific marker genes such as Tie1 and Tie2. Although the data presented are correlative, ELF-1 should be added to the list of potentially important transcription factors in vascular development. Some key future investigations could include (1) specific perturbation of ELF-1 function in developing embryos to show that ELF-1, in fact, is directly involved in the regulation of Tie1 and Tie2 gene expression during vascular development; (2) precise determination of the temporal and spatial ELF-1 expression pattern during endo-thelial differentiation; and (3) examination as to whether induction of ELF-1 in endothelial precursor cells leads to Tie1 and Tie2 expression.
As suggested based on the presence of multiple cis-acting sequences within the Tie2 gene mediating endothelialspecific expression, it is likely that the combinatorial functions of many transcription factors present in developing endothelial cells are required for Tie2 gene expression. 10 -12 The clever use of increasing genomic information and further characterization of ELF-1 and other known and novel transcription factors could be expected to contribute to new understanding of how endothelial specification is regulated at the transcriptional level. Further identification and systematic classification of markers in endothelial cell subtypes should help discern the molecular mechanisms underlying the generation of these diverse classes of endothelial cells during vascular development.
